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Prediction of Joint Temperatures in Shot-Nailed 
Cold-Formed Steel Sheeting with Finite Element Modelling 
 
 




This paper investigates the 3D temperature fields of the shot-nailed steel roof 
sheeting joints in fire using commercial Finite Element (FE) software ABAQUS 
when the connected members and connections are protected by either 
intumescent paint or rockwool panels. Numerical models and parameters used in 
the models are briefly introduced. When expanded in fire, both thickness and 
thermal conductivity are varied with increased temperatures. The simplified 
representation of intumescent paint is described. Parametric analyses are 
performed in order to investigate the sensitivity of the parameters of thermal 
contacts. When the joints are protected with rockwool panels, the approximate 
cavity radiation method in ABAQUS is used to take the cavity radiation into 
account among the surfaces of the profiled steel sheeting and fire protection 
panel. The 3D temperature fields in the proximity of shot-nail connections from 
above mentioned fire protection solutions are compared. The benefits of using 
various fire protection solutions are discussed. 
Introduction 
Powder-actuated shot-nail connection is widely used in connecting the 
cold-formed steel sheeting to its supporting members, for instance, structural 
steel hollow section, in roof trusses. In fire, the catenary action is developed in 
roof sheeting at large deformation. The tensile forces at supports are sustained 
by the connectors. The temperature of joint in proximity of fasteners under fire 
is a critical parameter of the load carrying resistance, which is the shear 
resistance of joint of the roof sheeting systems.  
Both experimental tests and numerical analyses have been carried out to 
investigate the failure modes and shear strength of shot-nailed connections under 
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elevated temperatures (Ma et al. 2011(a) (b)). For the fire resistance design of 
shot-nailed steel sheeting, it is found that more fasteners are needed in order to 
maintain the stability of the structure for even 15 minutes fire resistance. 
Usually, there is no space to allow the designers to put sufficient fasteners to 
connect the profiled sheet with the supporting structures in order to achieve the 
required fire resistance by fire engineering regulations. Studies (Ma et al. 2011 
(a) (b)) also showed that in the steady test for single lap shear shot-nailed 
connection when the temperature is 600 °C, the shear failure of shot-nail has 
been observed. Therefore, it is important to understand the 3D temperature field 
in the proximity of connections and to develop effective fire protection 
solutions. 
In this paper, 3D temperature fields in the proximity of connections are studied 
numerically when the connected members and the connections are protected 
either by intumescent paint or by rockwool panels. Four fire protection solutions 
are studied: intumescent paint is used for both cold-formed sheet and tube chord 
in the proximity of connections; intumescent paint is used only for steel tube; 
rockwool panels are used for both steel sheeting and tubular chord, and 
rockwool panels is used for steel sheeting and intumescent paint for tubular 
chord. The equivalent thermal conductivity is used to simulate the intumescent 
paint, and the approximate method is used to simulate the cavity radiations in 
the cavity formed by corrugated steel sheet, the rockwool panels and inner 
surfaces of steel tube. The 3D temperature fields in the proximity of shot-nail 
connections from above mentioned fire protection solutions are compared. The 
benefits of using various fire protection solutions are discussed. The 3D 
temperature fields in the proximity of shot-nail connections from above 
mentioned fire protection solutions are compared. The benefits of using various 
fire protection solutions are discussed. 
Fire protection solutions and FE models 
The shot-nailed joint in steel roof sheeting is composed of the steel sheeting, the 
tubular chord of roof truss and shot-nails (Figure 1). The dimension of the 
tubular steel truss chord is 120x120x5 mm. The height and thickness of steel 
sheeting is 130 mm and 1 mm, respectively. The shot-nail is Hilti 
ENP2K-20-L15 with the diameter of 3.7 mm. Four nails per fold have been used 
to fasten the steel sheeting to its support tube. Two sheeting are overlapped 
when they are connected to the support tube. 
Four fire protection solutions are studied in this paper, including partial fire 
protection by intumescent paint in tubular chord and areas of sheeting near the 
chord (Figure 2 (a)); intumescent paint for tubular chord only (Figure 2(b)); 
rockwool panels for both sheeting and chord (Figure 3 (a)); and rockwool panels 
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for sheeting and intumescent paint for tubular chord (Figure 3(b)). The cases are 
defined in Table 1, which also includes one case without applying any fire 
protection for the members in the steel roofing systems. The intumescent paint 
with thickness of 1 mm is applied to steel sheeting and steel tube. The Rockwool 
KKL20  with  thickness  of  20  mm  is  used  on  the  top  of  the  steel  sheeting  and  
Rockwool PAL 50 with thickness of 50 mm is used underneath the steel 
sheeting. The thickness of intumescent paint applied to the tube is 1.0 mm when 
the steel sheeting is protected with rockwool panels. 
The 3D temperature field under ISO standard fire is calculated using ABAQUS 
/Standard (2009). The diffusive heat transfer elements, which allow for the heat 
storage (specific heat and latent effects) in ABAQUS/Standard are used in the 
analysis. The steel sheeting is modeled with shell elements DS4, the tubular 
chord is modeled with solid elements DC3D8, and nails are modeled with solid 
elements DC3D8. The intumescent paint is modeled using DC3D8 solid 
elements with three layers in 1 mm thickness. The rockwool panels are modeled 
















(a) tube protected and sheeting protected    (b) only tube protected 
    with 500 mm on each side of tube 







(a) tube protected with Rockwool   (b) tube protected with intumecent paint 
Figure 3 Steel sheeting protected with rockwool panels. 
 
Table 1 Five cases defined in FE analyses 
Cases Fire Protections Output Fire model 
Tube Sheeting Nail 




Case B ITUPaint no no 
Case C ITUPaint ITUPaint no 
Case D RW ITUPaint no 
Case E RW RW no 
ITUPaint: intumescent paint, RW: rockwool 
 
MATERIAL PROPERTIES AND THERMAL LOADS 
When heated, the intumescent paint expanded. Both thermal conductivity and 
thickness of intumescent paint will be changed with the increase of 
temperatures. In FE model, it is assumed that the thickness of intumescent paint 
remains constant but the equivalent thermal conductivity varies with time. The 
thermal conductivity of intumescent paint used in FE model is illustrated in 
Figure 4 (Nullifire S607 1996). The thermal conductivity and specific heat of 
sheeting steel and tube steel are taken from EN1993-1-2 (1995) and are shown 
in Figure 5. A constant thermal conductivity of 0.045 W/mK is used for 
rockwool panels. The density of steel is 7850 kg/m3 and the density of 

































(a) Thermal  conductivity                      (b)  Specific  heat   
Figure 5 Thermal material properties for steel from EN 1993-1-2. 
 
The heat flux of fire through the exposed surfaces can be calculated by 
ݍ = ߙ௖ ∙ ൫ ௚ܶ − ௦ܶ൯ + ߪ ∙ ߝ ∙ [൫ ௚ܶ + 273൯ସ − ( ௦ܶ + 273)ସ] (1) 
where q is the heat flux through the surface, Tg is the temperature of hot gas, Ts 
is the surface temperature, αc is the coefficient of heat transfer by convection, σ 
is Stefan-Boltzmann constant, and e is the resultant emissivity of fire on the 
surface. The gas temperature is assumed to follow the ISO standard fire curve.  






















































using keyword *SFILM and heat flux due to radiation is defined using 
*SRADIATE. The approximate cavity radiation approach in ABAQUS is 
implemented in FE models to take the cavity radiation into account for inner 
surfaces of tubular chord, and the surfaces between rockwool panels and the 
folds of steel sheeting. Approximate cavity radiation approach assumes equal 
view factors and constant emissivity in the cavity surfaces. A full thin coat with 
high conductivity is modeled between the sheet and fire protection materials and 
tubular chord to form an effective cavity. The thermal parameters for the 
analysis are listed in Table 2. 
Table 2 Thermal parameters for analyses 
 Parameters 
Convection Film properties: 25 W/mK for exposed surfaces with hot gas 
8 W/mK for upper surface exposed to ambient temperature 




Steel-steel: 2000 W/m2K; Steel-rockwool: 200 W/m2K 
 
Temperature distribution with different fire protection solutions  
3D Temperature Distribution 
Figure 6 illustrates the temperature distributions of joints of the steel sheeting 
system with shot-nailed connections under ISO standard fire with intumescent 
paints.  It  can  be  seen  that  without  any  fire  protection  (Case  A)  the  maximum  
temperature at 30 minutes is around 750-800 oC, which is very close to the gas 
temperature of fire. When the tubular chord is protected with intumescent (Case 
B), the temperature at 30 minutes is around 450 oC in the chord and 750-800 oC 
in the steel sheet. When both the steel sheet and tubular chord are protected by 
intumescent paints (Case C), the temperature is around 400-420 oC in the chord 























 (c) Case C: both sheeting and tube protected 
Figure 6 Temperature distribution of the steel sheeting with shot-nailed 
connection at 30 minutes. 
 
Figure 7 and Figure 8 illustrates temperature distributions of the joints at 30 
minutes when steel sheeting is protected by rockwool panels and tube is 
protected by intumescent paint (Case D); and when both steel sheet and tube are 
protected by rockwool panels (Case E), respectively. It can be seen that for Case 
D the temperature at 30 minutes is 280-360 oC in the tube and 50-70 oC in steel 



















Figure 8 Temperature distribution of the joint at 30 minutes for Case E. 
 
Comparisons of Temperature-Time Curves for Various Fire Protections 
Figure 9 shows temperature-time curves at 30 min for nail-shank and steel 
sheeting for Case A to Case E, respectively. It can be seen that the most 
effective way to get the lowest temperature for nail-shank is Case E, i.e. using 
rockwool fire protection panels for both steel sheeting and steel tube. The 
temperature distributions of nail-shank when the tube is protected with 
intumescent paint and the sheeting is either protected with intumescent paint or 
without any fire protection (Figure 9 (a) “both” and “Tube”) are close to those 
when the tube is protected with intumescent paint and the steel sheeting is 
protected with rockwool panels (Figure 9 (a) “RW+P”). It can be concluded that 
the temperature of nail-shank is affected mainly by the fire protection applied to 
the steel tube. 























                       (b)  Steel  sheeting  
Figure 9 Comparisons of temperature-time curves with and without fire 
protections. 
 
As far as the temperature distributions of steel sheeting near the joint area for 
Case A to Case E are concerned, the most effective fire protection is also using 
rockwool panel fire protection. It can be seen that the temperature-time curves 
are the same for the cases when the steel sheeting is protected with rockwool 
panels and the steel tube is either protected with rockwool panels or with 
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intumescent paint (Figure 9 (b) “RW+P” and “RW”). When the fire protection is 
only applied to the steel tube, the temperature-time curves for the steel sheeting 
is the same as those without any fire protection (Figure 9 (b) “tube” and 
“neither”). When the intumescent paint is used for both steel sheeting and steel 
tube, the temperature-time curve is lower than those when the steel sheeting is 
unprotected and higher than those when the steel sheeting is protected with 
rockwool panels. It can be concluded that in order to reduce the temperature on 
steel sheeting near the joint area, the fire protection to the steel sheeting is 
necessary. The effective way is to use rockwool panels. Table 3 summarizes the 
maximum temperatures reached at 30 min for steel sheeting, nail-shank and steel 
tube for Case A to Case E. 
 
Table 3 Maximum temperatures at 30 min for connected members and 
shot-nails with various fire protection solutions 
CASES Sheet [°C] Nail-shank [°C] Tube [°C] 
CASE A 565 710 720 
CASE B 470 565 475 
CASE C 340 460 475 
CASE D 45 385 390 
CASE E 50 50 51 
 
Conclusions 
From the analyses for the cases with and without fire protection solutions, it can 
be concluded that the most effective way to reduce the temperature for both 
nail-shank and steel sheeting near the joints is to use the rockwool panels. The 
temperature developed at nail-shank is mainly affected by the protection applied 
to the steel tube. The temperature developed at the steel sheeting near the joint is 
mostly affected by the fire protection applied to the steel sheeting. In order to 
get the lower temperature of nail-shank with intumescent fire paints, the 
thickness of fire paint on the steel tube needs to be increased.  
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